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Abstract:  Low  volume  roads  subjected  to  seasonal  freez¬ 
ing  are  highly  susceptible  to  damage  from  traffic  during 
midwinter  and  spring  thaws.  Such  traffic-induced  dam¬ 
age  can  be  minimized  by  a  variety  of  design  methods; 
however,  most  are  not  economically  feasible.  As  a  re¬ 
sult,  loads  are  often  restricted  or  prohibited  during  thaw- 
weakened  periods.  While  this  practice  reduces  road 
maintenance  costs,  the  economic  impact  on  industries 
that  rely  on  continued  heavy  trucking  can  be  significant. 


This  report  reviews  the  process  of  ice  segregation  and 
thaw  weakening,  and  then  discusses  both  quantitative 
and  qualitative  results  from  a  survey  on  load  restriction 
practices  that  was  distributed  to  state  departments  of 
transportation  (DOTs).  Survey  topics  include  state  DOT 
load  restriction  practices,  types  and  mileage  of  roads 
posted,  methods  for  determining  dates  for  imposing  and 
removing  load  restrictions,  enforcement  of  restrictions, 
and  feedback  from  road  users. 
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Thaw  Weakening  and  Load 
Restriction  Practices  on 
Low  Volume  Roads 


MAUREEN  A.  KESTLER,  THOMAS  KNIGHT,  AND  AUDREY  S.  KRAT 


INTRODUCTION 

Three  conditions  are  necessary  for  the  occur¬ 
rence  of  ice  segregation: 

1.  The  soil  must  be  frost  susceptible. 

2.  A  water  source  must  be  available  to  the  freez¬ 
ing  zone. 

3.  Freezing  temperatures  must  penetrate  into  the 
soil. 

Ice  segregation  itself  is  a  complex  interaction  of 
heat  and  moisture  flow  (U.S.  Army  and  the  Air 
Force  1985).  Negative  pore  pressures  are  gener¬ 
ated  at  the  freezing  front,  causing  moisture  to 
migrate  toward  the  front.  This  results  in  ice  lens- 
ing  near  the  freezing  front  and  frost  heaving  at 
the  pavement  surface.  During  midwinter  and 
spring  thaws,  ice  lenses  melt  both  downward  from 
the  surface  and  upward  from  lower  depths.  Melt¬ 
ing  ice  lenses  leave  the  soil  unconsolidated.  Addi¬ 
tionally,  downward  melting  releases  excess  water 
that  cannot  drain  through  the  underlying  frozen 
layers.  Consequently,  support  capacity  is  reduced, 
and  the  pavement  system  becomes  susceptible  to 
damage  during  trafficking.  Figure  1  shows  a  typi¬ 
cal  low  volume  road  exhibiting  signs  of  pavement 
distress  from  trafficking  during  spring  thaw. 


PAVEMENT  DESIGN  IN  SEASONAL 
FROST  AREAS 

The  pavement  thickness  design  procedure  for 
high-traffic-volume  highway  and  runway  pave¬ 
ments  subjected  to  seasonal  freezing  should 
include  trial  designs  that  account  for  the  effects  of 
frost  action  (Yoder  and  Witczak  1975).  The  U.S. 


Army  Corps  of  Engineers  pavement  design  pro¬ 
cedure  includes  designing  for  normal  conditions, 
full  or  limited  subgrade  frost  penetration  (LSFP), 
and  reduced  subgrade  strength  (RSS).  The  frost 
action  trial  design  is  typically  selected  based  on 
cost.  In  the  case  of  many  low  volume  roads,  such 
rigorous  trial  design  procedures  are  not  used. 
Instead,  roads  evolve  over  the  years  as  additional 
gravel  or  asphalt  concrete  (AC)  surfacing  is  added 
to  fill  in  ruts  or  overlay  cracks.  Consequently,  these 
low  volume  roads  (that  are  often  built  upon  frost- 
susceptible  subgrades)  are  highly  susceptible  to 
damage  from  trafficking  during  thaw-weakened 
periods. 

Techniques  other  than  LSFP  and  RSS  (to  reduce 
frost  penetration  and  thaw  weakening)  are  either 
costly  or  require  additional  research.  Incorporat¬ 
ing  insulating  layers,  capillary  cutoffs,  or  drain¬ 
age  layers  can  be  costly  for  low  volume  design  traf¬ 
fic.  Using  reduced  tire  pressures  (alone  or  in 
combination  with  load  reductions  and  load  restric¬ 
tions)  may  provide  another  alternative  method  for 
reducing  springtime  damage  to  low  volume  roads 
(Bradley  1997,  Davies  etal.  1998,  Kestler  etal.  1998, 
Mahoney  et  al.  1994,  Moore  1997).  However,  even 
if  research  confirms  the  promising  preliminary 
results,  regulatory  and  policy-making  depart¬ 
ments  must  determine  methods  for  enforcement. 
This  will  take  time.  Furthermore,  using  lower  tire 
pressures  may  reduce,  but  will  probably  not  elimi¬ 
nate,  the  negative  impact  of  traffic  on  thaw- 
weakened  roads.  Most  states  in  the  northern 
United  States  impose  load  restrictions  on  low 
volume  roads  during  thaw-weakened  periods. 
This  practice,  when  properly  imposed  and  en¬ 
forced,  successfully  minimizes  springtime  road 


Figure  1.  Low  volume  road  with  traffic-induced  pavement  distress  during 
spring  thaw. 


damage.  While  the  economic  impact  on  selected 
industries  that  rely  on  continuous  trucking  is  sig¬ 
nificant,  two  or  three  trucks  on  one  spring  day 
might  cause  the  equivalent  damage  of  design  traf¬ 
fic  during  the  entire  year,  if  load  restrictions  are 
not  imposed.  This  appreciably  increases  road 
maintenance  and  pavement  reconstruction  costs. 


LOAD  RESTRICTION  SURVEY 

During  the  spring  of  1997,  a  19-question  survey 
on  load  restriction  practices  was  distributed  to  45 
state  DOTs.  Surveys  were  not  sent  to  Hawaii, 
Florida,  Alabama,  Mississippi,  and  Louisiana  be¬ 
cause  of  their  warm  climates.  Several  surveys  were 
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also  sent  to  several  U.S.  Department  of  Agricul¬ 
ture  Forest  Service  (USFS)  offices  (as  the  USFS 
maintains  approximately  360,000  miles  of  low 
volume  roads),  and  to  selected  report  companies. 
The  remainder  of  this  report  discusses  survey 
results. 

Thirty-six  state  DOTs  and  three  USFS  Regional 
Offices  responded  to  the  survey  Figure  2  shows 
the  states  in  which  DOTs  post  springtime  load 
restrictions.  Regions  north  of  the  white  line  are  cat¬ 
egorized  as  areas  of  seasonal  freezing  based  on 
either  0.3  m  (1  ft)  of  frost  penetration  in  10  years 
or  an  average  temperature  of  0°C  (32°F)  during 
one  month  in  10  years.  Although  some  states  north 
of  the  white  line  in  Figure  2  appear  to  have  no 
load  restrictions,  roads  may  be  posted  by  agen¬ 
cies  other  than  state  DOTs,  such  as  counties,  cit¬ 
ies,  towns,  the  USFS,  and  private  organizations. 
All  but  two  of  the  states  that  post  load  restrictions 
indicated  that  restrictions  are  enforced,  and  they 
are  most  commonly  enforced  (with  the  penalty  of 
a  fine)  by  the  state  police/highway  patrol.  Inter¬ 
estingly  enough,  the  only  state  that  indicated 


restrictions  did  not  significantly  reduce  road  main¬ 
tenance  also  indicated  that  it  might  be  correlated 
to  a  lack  of  strict  enforcement.  One  case  was  cited 
in  which,  even  when  restrictions  are  posted,  trucks 
are  occasionally  allowed  to  haul  through  the  night 
from  approximately  midnight  until  5:00  a.m.,  dur¬ 
ing  which  time  the  roads  stiffen  because  of  night¬ 
time  freezing.  This  practice  was  allowed  for  log¬ 
ging  operations  so  as  to  minimize  the  adverse 
economic  impact  (to  the  timber  company)  of  a 
complete  prohibition  on  hauling.  Researchers  in 
another  state  are  developing  a  quantitative  tech¬ 
nique  for  indicating  when  frozen  roads  will  not 
be  damaged.  This  could  partially  counteract  the 
negative  effect  of  spring  haul  restrictions  on  local 
economies. 

Sixteen  state  DOTs  indicate  that  they  post  load 
restrictions  annually,  and  four  states  post  their 
roads  at  least  occasionally  or  when  conditions 
warrant.  All  of  the  states  posting  restrictions  do 
so  on  asphalt-surfaced  roads,  12  on  chip-sealed 
roads,  and  only  five  on  gravel-surfaced  (or 
unsurfaced)  roads.  Unsurfaced  and  gravel- 


DOT  Imposes  Seasonal  Load  Restriction 
DOT  Does  Not  Impose  Seasonal  Load  Restriction 
Information  Not  Available,  Did  Not  Respond  To  Survey 
Seasonal  Frost  Line 

Figure  2.  States  in  which  DOTs  post  seasonal  load  restrictions.  Seasonal  frost 
line  is  based  on  0.3  m  (1  ft)  frost  penetration  in  10  years  or  an  average  of  0°C 
(32°F)  during  one  month  in  10  years. 
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Table  1.  Types  of  restrictions  specified  by  state 
DOTS. 


•  Total  shutdown. 

•  Speed  limit  restriction  (speed  unspecified). 

•  Load  limit  (load  unspecified). 

•  6  and  7  tons  (5.4  and  6.3  metric  tons)  per  axle. 

•  6  tons  per  single  axle  and  7  tons  per  tandem  axle. 

•  11  tons  (10  metric  tons). 

•  Half  the  legal  load  limit. 

•  High  enough  to  accommodate  school  buses. 

•  Over  15  tons  (13.6  metric  tons):  total  shutdown. 

•  6-15  tons:  load  limited  to  the  product  of  300  x 
the  sum  of  inches  of  the  width  of  all  tires. 


surfaced  roads  are  not  typically  under  state 
jurisdiction;  therefore  they  are  posted  by  towns, 
counties,  or  another  responsible  agency.  Types  of 
restrictions  varied  considerably.  A  list  is  provided 
in  Table  1 . 

A  total  of  3420  miles  of  gravel-surfaced  road 
were  reported  as  posted,  and  a  total  of  34,800  miles 
of  asphalt-surfaced  road  were  reported  as  posted. 
Although  10  states  indicated  that  they  post  chip- 
seal  surfaced  roads,  no  states  provided  estimates 
of  miles  posted.  Figure  3  shows  a  histogram  indi¬ 


cating  the  breakdown  of  lengths  posted. 

Only  a  few  states  estimated  road  maintenance 
costs/mile  and  road  maintenance  savings/mile  by 
imposing  load  restrictions.  Estimates  of  savings 
were  as  high  as  a  few  hundred  thousand  dollars 
per  mile.  This  adds  up  to  millions  of  dollars  per 
year  per  state.  From  the  point  of  view  of  road  main¬ 
tenance  agencies,  load  restrictions  are  unquestion¬ 
ably  cost  effective.  However,  local  economy  is 
adversely  affected. 

Figure  4  shows  a  breakdown  of  methods  used 
for  determining  when  to  impose  and  when  to 
remove  load  restrictions.  More  than  half  of  the 
responding  states  that  post  load  restrictions  use 
subjective  techniques,  such  as  observation,  to  both 
place  and  remove  load  restrictions.  Many  of  these 
states  indicated  that  they  post  restrictions  only 
after  the  first  signs  of  springtime  pavement  dis¬ 
tress  are  observed.  By  doing  this,  some  damage  is 
being  allowed.  Many  also  indicated  that  their  pref¬ 
erence  would  be  to  switch  from  current  reactive 
methods  to  more  quantitative  methods  (such  as 
using  a  falling  weight  deflectometer  [FWD])  if 
adequate  resources  were  available.  Twenty-four 
percent  of  responding  DOTs  currently  use  quan¬ 
titative  methods  (e.g.,  FWD,  frost  tubes,  or  thaw 


Length  (miles) 

Figure  3.  Breakdown  of  lengths  of  asphalt  roads  posted  by  state  DOTs. 
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a.  Placing  load  restrictions. 

Quantitative 


(FWD  Frost  Tube,  Thaw 


b.  Removing  load  restrictions. 

Figure  4.  Methods  for  determining  when  to  place  and  remove  road  load  restrictions. 


index)  to  place  load  restrictions  (Fig.  4a);  only  14% 
use  quantitative  methods  to  remove  load  restric¬ 
tions  (Fig.  4b).  The  remaining  10%  who  use  such 
methods  simply  keep  restrictions  in  place  for  a 
specific  length  of  time  or  remove  restrictions 
subjectively.  Approximately  one-quarter  of  the 
responding  states  use  dates  to  impose  restrictions. 

Several  states,  particularly  those  using  quanti¬ 


tative  techniques,  stated  that  they  were  comfort¬ 
able  about  the  start  of  the  load-restricted  period 
(the  start  of  thaw  is  well  defined:  temperatures 
over  0°C  [32°F],  loss/reduction  of  frozen  layer, 
sudden  decrease  in  pavement  deflection  or  stiff¬ 
ness  as  measured  using  an  FWD,  etc.).  However, 
as  observed  in  pavement  engineering  studies, 
recovery  is  not  well  defined.  This  is  reflected  by 
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the  wide  range  of  length  of  time  during  which 
load  restrictions  are  in  effect  (Fig.  5).  Some  roads 
are  restricted  for  as  long  as  a  third  of  a  year. 
Generally,  the  longer  the  load  restrictions  are  in 
place,  the  more  complaints  were  received  from 
loggers  and  contractors.  Table  2  lists  typical  DOT 
responses  regarding  user  feedback. 

While  some  states  annually  post  load  restrictions 
immediately  after  the  first  signs  of  springtime 


Table  2.  Road  user  feedback  to  DOTs  and  USFS 
on  spring  thaw  load  restrictions. 


•  Restricting  the  flow  of  goods  makes  shipping  inconve¬ 
nient. 

•  Some  routes  too  restrictive;  length  of  time  too  long. 

•  Numerous  complaints  from  contractors  and  loggers. 

•  “Don’t  post  my  road.” 

•  Haulers  want  restrictions  lifted  as  soon  as  possible  and 
more  frequent  FWD  testing  done  in  these  areas. 

•  DOT  met  with  trucking  industry  association,  and  they  have 
jointly  funded  research  on  load  restrictions. 

•  Using  quantitative  methods  for  shutting  down  roads  but 
using  subjective  and  arbitrary  methods  for  determining 
when  to  reopen  roads. 


pavement  distress  are  observed,  a  few  states  are 
taking  a  progressive  approach  to  the  problem  of 
thaw  weakening,  and  have  researched,  or  are  cur¬ 
rentlyresearching,  relationships  among  pavement 
stiffness  and  other  parameters.  The  USFS  is  cur¬ 
rently  evaluating  correlations  between  pavement 
stiffness  and  soil  moisture  in  search  of  a  reliable, 
cost-effective  method  for  determining  when  to  sus¬ 
pend  or  commence  timber  hauling  (Kestler  et  al. 
1997).  It  is  believed  that  permanently  installed  time 
domain  reflectometry  (TDR)  and  radio  frequency 
(RF)  soil  moisture  sensors,  correlated  with  strength 
recovery,  strategically  located  throughout  the  for¬ 
est  road  network  will  provide  this  affordable 
solution. 


SUMMARY 

Low  volume  roads  subjected  to  seasonal  freez¬ 
ing  are  highly  susceptible  to  damage  from  traffic 
during  spring  thaw.  Although  reduced  tire  pres¬ 
sure  technology  is  currently  being  evaluated  as  a 
method  for  minimizing  traffic-induced  road  dam¬ 
age  during  thaw-weakened  periods,  at  this  time 
the  most  widely  accepted  and  effective  practice  is 
to  limit  or  prohibit  heavy  loads. 
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A  survey  distributed  to  state  Departments  of 
Transportation  showed  that  most  states  in  the 
northern  third  of  the  United  States  post  load 
restrictions  during  spring  thaw.  However,  the  level 
of  restriction,  method  of  determining  when  to 
place  restrictions,  and  length  of  restricted  haul 
vary  widely. 

The  economy  of  many  industries,  such  as  log¬ 
ging,  relies  on  continuous  movement  of  materi¬ 
als.  Direct  contact  with  some  loggers  indicated  that 
the  economic  loss  caused  by  load  restrictions  is 
substantial.  However,  until  an  alternative  method 
is  proven  and  accepted,  millions  of  dollars  per  year 
(per  state)  for  road  maintenance  are  saved  annu¬ 
ally  by  load  restrictions.  Even  greater  road  main¬ 
tenance  savings  could  be  met  if  some  of  the  DOTs 
that  currently  await  the  first  signs  of  springtime 
pavement  distress  were  to  adopt  an  alternative, 
more  quantitative,  technique  for  placing  load 
restrictions.  Regarding  removal  of  load  restric¬ 
tions,  the  feasibility  of  using  TDR  technology  to 
determine  when  to  resume  hauling  will  primarily 
depend  on  the  cost  of  the  equipment. 

Recommended  follow-up  is  to  investigate  fur¬ 
ther  which  techniques  for  determining  when  to 
place  and  remove  load  restrictions  are  most  cost 
effective  (as  a  tradeoff  between  road  maintenance 
costs  and  industry  economics).  Such  information 
could  not  be  evaluated  at  this  time  because  not 
enough  road  maintenance  costs/savings  informa¬ 
tion  was  returned. 
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